Introduction
[2] Several models have been proposed for the structural architecture and evolution of western Cuba: (1) those based on transpressional tectonics [Perez-Othon and Yarmoliuk, 1985; Millán, 2003] and (2) those based on thrust tectonics [Hatten, 1957; Cubapetróleo and Simon-Petroleum-Technology, 1993; Pszczolkowski, 1994a; Bralower and Iturralde-Vinent, 1997; Gordon et al., 1997; Iturralde-Vinent, 1998; Otero Marrero and Tenreyro Perez, 1998; Kerr et al., 1999; Moretti et al., 2003] . Transpressional models are strongly conditioned by the surficial expression of major left-lateral faults that can be identified throughout Cuba. According to these models, these faults juxtapose tectonic units as the result of large, differential, horizontal displacements along several lithosphericscale faults [Perez-Othon and Yarmoliuk, 1985; Millán, 2003; Schneider et al., 2004] . Thrust models, on the other hand, interpret the geology of Cuba to be part of an accretionary prism developed in front of the Caribbean Arc during the collision with the North American margin from Late Cretaceous to early Eocene times. Compressional models may either be thick-skinned in which the basement is involved in most thrust sheets [Bralower and Iturralde-Vinent, 1997; Iturralde-Vinent, 1998; Kerr et al., 1999] , or thin-skinned, which interpret the thrust sheets to be formed only by cover rocks [Pszczolkowski, 1994b; Gordon et al., 1997; Otero Marrero and Tenreyro Perez, 1998 ]. However, none of the models presented to date have been validated by means of balanced and restored cross sections.
[3] To address the problem of the tectonic evolution of western Cuba, this paper presents the first balanced and restored cross section constructed through the on-land Cuban fold and thrust belt using surface geology and borehole data, and extends offshore using commercial reflection seismic data. Syntectonic sediments provide constraints on the timing of the deformation and thus the kinematic evolution of the area, which is validated by a forward kinematic model. The results of this study provide insights into the tectonic evolution and timing of the collision between the Caribbean Arc and the North American margin.
continuous belt located between the North American and Caribbean plates (Figure 1b) , which formed in front of the Great Caribbean Arc [Burke, 1988] as it collided with the North American Continental margin from Late Cretaceous to early Eocene times [Gealey, 1980; Iturralde-Vinent, 1988; Cubapetró leo and Simon-Petroleum-Technology, 1993; Iturralde-Vinent, 1994; Iturralde-Vinent, 1996b] . Following collision, left-lateral strike-slip faults (Figure 1a ) fragmented the thrust belt [Rosencrantz, 1990; Gordon et al., 1997; Rojas-Agramonte et al., 2006] and the deformation front migrated to the east. This shift in the tectonic regime coincides with the jump of the northern boundary of the Caribbean plate from the eastern margin of the Yucatan block to its current position along the Cayman trough , when the fold belt split apart and the individual Greater Antilles islands formed [Jolly and Lidiak, 2006; Pindell et al., 2006; Pérez-Estaún et al., 2007] . The ages of the volcanic rocks and syntectonic sediments in western Cuba indicate that the volcanic activity related to the Great Caribbean Arc in the emerged part of Cuba extended from Early Cretaceous (pre-Albian) to early Eocene, with a nonvolcanic stage during the latest Cretaceous [Donnelly and Rogers, 1980; Burke, 1988; Kerr et al., 1999; García-Casco et al., 2006; Proenza et al., 2006] . However, some authors propose that Maastrichtian volcanic rocks may be present in the marine realm south of Cuba [Pindell et al., 2006] . In any case, there is still some controversy about how this process took place. Most models propose a Pacific origin for the Caribbean oceanic crust, whose eastward migration started either during the Aptian [Bouysse, 1988; Ross and Scotese, 1988; Draper and Barros, 1994; Snoke et al., 2001; Pindell et al., 2006] or the Campanian [Duncan and Hargraves, 1984; Burke, 1988; Kerr and Tarney, 2005] and is still active as a result of mantle drag [Negredo et al., 2004] . Within these models, some propose a single continuous subduction since inception [e.g., Malfait and Dinkleman, 1972; Pindell, 1994; Pindell et al., 2005; Stanek et al., 2006] , while others identify several volcanic arcs [e.g., Stephan et al., 1990; García-Casco et al., 2006] or even a reverse subduction polarity during most of the Cretaceous [Iturralde-Vinent, 1998; Kerr et al., 1999; Cobiella-Reguera, 2005] . Finally, few models propose an inter-American origin for the Caribbean plate [Meyerhoff and Meyerhoff, 1972; James, 2006] , which would imply that this unit has not undergone large displacements with respect to North and South America, and thus without development of major subduction zones along its boundaries.
[5] The current configuration of the Cuban fold and thrust belt is characterized by several outcrop areas separated by postorogenic sediments (Figure 1a) , with an arcuate shape resulting from a change in the structural grain from ESE-WNW in central and eastern Cuba to WSW-ENE in western Cuba. In each outcrop area the Cretaceous North American margin appears involved in the most external domains, while the internal parts are characterized by ophiolitic melanges and the volcanic arc complex. Also, in the internal parts of the orogen, several tectonic windows allow the metasediments of the lower plate to crop out ( Figure 1b ). Particular to western Cuba is the lack of the axis of the volcanic arc and the presence of mostly nonmetamorphic platform rocks in the Guaniguanico domain [Iturralde-Vinent, 1998 ], which is formed by the Sierra del Rosario and Los Organos belts (Figure 1 ). However, a narrow band of low-to very low grade metamorphic rocks with restricted development of high-pressure metamorphism known as the Cangre Belt crops out along the southern boundary of the Guaniguanico domain [Pszczolkowski, 1994a] . These rocks reach blueschist facies [Iturralde-Vinent, 1998 ] and their protoliths are rocks very similar to the oldest sediments of the Los Organos and Sierra del Rosario belts [Somin and Millan, 1972; Pszczolkowski, 1987] . The Cangre belt is interpreted to be an allochthonous unit, which overthrusts toward the NNW the Los Organos domain [Rigassi-Studer, 1963; Piotrowska, 1978] . The Escambray and Pinos terranes complete the metasedimentary domains recognized in Cuba (Figure 1a ). These terranes have more complex internal structure and show more intense metamorphism than the Cangre belt [e.g., García-Casco et al., 2001; Stanek et al., 2006] .
[6] The currently deformed Cretaceous North American margin was originally formed by two oblique segments: the Florida-Bahamas margin in the east, and the Yucatán margin in the west. The Florida-Bahamas margin trended WNW-ESE (Figure 1b ). This is recorded in the available seismic database, where the platform margin is clearly recognizable [Moretti et al., 2003] , and in the outcrops of the Florida-Bahamas platform along eastern and central Cuba, where it appears involved in the deformation (Figure 1a ). The geometry of the eastern margin of the Yucatán platform is less constrained by the available data. However, taking into account that the northern part of the Yucatán block has remained stable since Valanginian times [Pindell et al., 2006] , and the current configuration of its northern margin [e.g., Bryant et al., 1991; Ewing, 1991; French and Schenk, 2004] , the northeastern margin should be oriented NNW-SSE to N-S and deepening to the NNE. On the contrary, little can be inferred from the Mesozoic eastern margin of the Yucatán block, since it is currently defined by a NNE-SSW-oriented transform fault that juxtaposes the Yucatán block to Eocene oceanic crust [Rosencrantz, 1990] . The original position of the oceanic domains is even less constrained owing to their higher allochthonism. Within this oceanic domain, the most important ophiolitic assembly is the ''northern ophiolite belt '' [Iturralde-Vinent, 1988 , 1996a , 1996c , which can be recognized along the whole island from the Bahía Honda region in the west to the Baracoa region in the east (Figure 1b) . The oldest elements of the northern ophiolite belt are considered to be formed during Late Jurassic times [Somin and Millan, 1981; Iturralde-Vinent and Morales, 1988; Iturralde-Vinent, 1994 , 1996a Llanes et al., 1998 ], which correlates with the breakup of Pangea in MesoAmerica [Pindell, 1985; Marton and Buffler, 1994; Pindell, 1994] , and the youngest ophiolites have been dated as formed 52 ± 6 Ma [Iturralde-Vinent et al., 1996] . Within this time interval, the Upper Jurassic to Lower Cretaceous ophiolites are considered to represent the formation of oceanic crust, while the Upper Cretaceous to Paleogene ones are considered to be the product of arcrelated magmatism or isotopic resetting due to postformation processes [García-Casco et al., 2006] . Furthermore, the ophiolites are often serpentinized and show highpressure metamorphism [e.g., Somin and Millan, 1981; García-Casco et al., 2006 , Cobiella-Reguera, 2005 , whose older recorded age is Albian (106-102 Ma [Hatten et al., 1988] ). This age is considered by most authors as indicative of already ongoing subduction at that time [e.g., Kerr et al., 1999; Cobiella-Reguera, 2005; García-Casco et al., 2006; Stanek et al., 2006] .
Stratigraphy
[7] The Soroa cross section orthogonally traverses the main tectonic domains of the area: the Los Palacios Basin, The Sierra del Rosario, the Bahía Honda region and the foreland basin. Below, a general description of the main structural units along the cross section ( Figure 1c ) and their stratigraphy is presented (Figure 2 ).
[8] The Los Palacios Basin is located in the southern boundary of the Soroa cross section (Figure 1c ). It is bound to the north by the El Pinar Fault (Figure 1c) , which has recorded a complex kinematic evolution since late Eocene times [Pardo, 1975; Piotrowska, 1978; Bresznyanszky and Iturralde-Vinent, 1983; Rosencrantz, 1990; Echevarría-Rodríguez et al., 1991; Cubapetróleo and Simon-Petroleum-Technology, 1993; Gordon et al., 1997; Cáceres, 1998 ], and to the south by the Los Palacios Fault [García Delgado et al., 2005] , inferred from geophysical data [Rodríguez-Basante, 1999] . The Los Palacios Basin contains more than 3000 m of sediments from Late Cretaceous to Pleistocene in age [García-Sánchez, 1978] , and the nature of the basement below the sedimentary basin remains unknown. The complete Tertiary infill of the basin has been sampled by the borehole Candelaria-1 [Sánchez-Arango et al., 1985; Fernández-Rodríguez et al., 1988] (Figure 2 ). The lower part of the borehole intersects mainly volcanoclastic sediments of assorted composition and grain size, andesite and andesite-basalt tuffs and basalts. These volcanoclastic sequences range in age from Campanian to earliest Eocene [Kusnetzov et al., 1977; Furrazola-Bermúdez et al., 1978; Sánchez-Arango et al., 1985] . The contact between the Cretaceous and the Paleocene is poorly defined, but the Paleocene sequence has in any case a thickness of less than 100 m Pérez Estrada et al., 2003] . The Eocene and Oligocene sequences are formed by approximately 1600 m of shaly limestone, marl, sandstone and polimictic conglomerate. These are followed by 2000 m of reefal limestone and marl with interbedded shale defining the Miocene and Pliocene sequences. The post-Paleocene sedimentary infill of the Los Palacios Basin forms three main shallowing-upward sequences, each one deposited in a shallower environment than the underlying one: the Eocene sequence, the Oligocene sequence (with a maximum paleowater depth of 600 m Pérez Estrada et al., 2003] , and the MiocenePliocene sequence. The entire depositional sequence is cropping out along the northern boundary of the basin, thanks to the pinch-out of all the sequences in the same direction ( Figure 1c ).
[9] The Sierra del Rosario unit is located to the north of the El Pinar Fault. The rocks cropping out in this region are considered to belong to the distal domains of the North American paleomargin, although it is not clear whether they were attached to the Florida platform or to the Yucatan peninsula [Iturralde-Vinent, 1994 Pszczolkowski, 1999; Pindell et al., 2006] . The Lower Jurassic to Upper Cretaceous stratigraphic sequence displays a deepening upward succession grading from continental synrift deposits to turbiditic and pelagic deep water sediments [Iturralde-Vinent, 1998; Moretti et al., 2003] . The oldest sediments of the Sierra del Rosario region correspond to the San Cayetano Formation [De Golyer, 1918; Bermúdez and Hoffstetter, 1959; Bermúdez, 1961] . The San Cayetano Formation is composed of sandstone and shale ( Figure 2 ) that was deposited during the Middle Jurassic in intracontinental basins [Iturralde-Vinent, 1998 ]. The San Cayetano Formation may reach a thickness of 3 km [García Delgado et al., 2005] , although it is not present in most thrust sheets of the Soroa transect. The Oxfordian-Valanginian Artemisa Formation [Lewis, 1932; Pszczolkowski, 1978] (Figure 2 ) overlies the San Cayetano Formation. The Artemisa Formation grades from sandstone and shale to well-bedded limestone and finally to massive limestone [Iturralde-Vinent, 1988] and has a maximum thickness of 450 m [Furrazola-Bermúdez et al., 1978 Cubapetró leo and Simon-Petroleum-Technology, 1993] . However, a thickness of 290 m has been calculated for this formation in the Soroa cross section. The Artemisa Formation deepens upsequence, recording a major marine transgression in the area [Iturralde-Vinent, 1998; IturraldeVinent and MacPhee, 1999] . Above the Artemisa Formation the Polier Formation is to be found [Pszczolkowski, 1978] . This formation consists of a carbonatic turbiditic sequence which was deposited during Late BerriassianÀAptian times [Pszczolkowski and Myczynski, 2003] , and has a thickness between 200 and 300 m [Furrazola-Bermúdez et al., 1978; Cubapetróleo and Simon-Petroleum-Technology, 1993; Linares-Cala, 2005] . The turbidites of the Polier Formation grade to the Santa Teresa Formation [Wassall, 1953] , a thick silicitic horizon also observed in central Cuba [Iturralde-Vinent, 1998 ]. The Santa Teresa Formation was deposited during Aptian-Albian times [FurrazolaBermúdez et al., 1978; Aiello and Chiari, 1995] . This unit has a thickness between 100 and 150 m [Pszczolkowski and Myczynski, 2003] and was deposited in a deep water environment. The Carmita Formation [Truitt, 1956a] overlies the Santa Teresa radiolarites, separated by a transitional contact [Pszczolkowski and Myczynski, 2003] . It also contains pelagic limestone and radiolarian chert with interbedded marl and shale of Cenomanian-Turonian age [Furrazola-Bermúdez et al., 1978; Kantchev et al., 1978; Pszczolkowski, 2000; Pszczolkowski and Myczynski, 2003] , and has a maximum thickness of 200 m [Pszczolkowski and Myczynski, 2003] . The Carmita Formation displays a shallowing upward sequence [Sosa-Meizoso et al., 2002] , which indicates the end of the regional deepening trend that extended from the Middle Jurassic to the Cenomanian [Iturralde-Vinent, 1988] . The Polier, Santa Teresa and Carmita formations have been grouped in one single unit (Figure 2 ), Early Cretaceous in age, to balance and restore the Soroa cross section with a calculated thickness of 800 m. After a sedimentary hiatus that extended in the Soroa transect from the Turonian to the Campanian [Iturralde-Vinent, 1988] , the Cacarajícara Formation [Hatten, 1957] was unconformably deposited above the previous stratigraphic units (Figure 2 ). The Cacarajícara Formation is a calcareous, clastic, fining upward sequence that was traditionally considered Maastrichtian in age [Hatten, 1957; Pszczolkowski, 1978] . However, it has been lately interpreted to correspond to the K/T boundary and directly related to the impact event in Chicxulub, Yucatan [Iturralde-Vinent, 1998; Tada et al., 2003] . This formation has a very variable thickness with an observed maximum of 700 m [Tada et al., 2003] .
[10] The Paleocene to earliest Eocene syntectonic sediments of the Manacas Formation [Hatten, 1957] crop out in both the footwall of the thrust system as well as in the thrust sheets, where they unconformably overlie all previous deposits (Figure 2) . The Manacas Formation, the youngest stratigraphic unit of the Sierra del Rosario domain, is mainly olistotromic, especially in its upper part. The olistolites, which are mostly floating in a sandy matrix, become coarser upsequence and are sourced from both the North American margin and the Caribbean Arc [Iturralde-Vinent, 1998 ]. The thickness of the Manacas Formation varies along different thrust sheets, although it is at least several hundred meters [Cobiella-Reguera, 2005] . In the Soroa transect, the lower part of the Manacas Formation provided an age of DanianSelandian (Nannozone NP4/CP3), which is one of the oldest ages for this formation in western Cuba.
[11] North of the Sierra del Rosario, the Bahía HondaCajálbana unit crops out (Bahía Honda unit in the text from now on), which is the westernmost extension of rocks related to the Caribbean Arc. It is formed by a thick Cretaceous mèlange of volcanoclastic deposits containing ophiolitic material. The oldest rocks in the Bahía-Honda unit are the Encrucijada Formation [Richardson et al., 1932; Zelepuguin et al., 1982; Pszczolkowski, 1987] and the Orozco Formation [Richardson et al., 1932; Zelepuguin et al., 1982; Pushcharovski, 1988] . These formations range in age from Aptian to Campanian [Iturralde-Vinent, 1996c] and are composed by basaltic sequences with interbedded volcanoclastic sediments and tuff (Figure 2 ). The maximum thickness of these formations is of 1200 m [Furrazola-Bermú dez et al., 1985] . The Cretaceous sequence of the Bahía Honda unit is completed with the hemipelagic sediments and volcanomictic turbidites of the Via Blanca Formation [Bronnimann and Rigassi, 1963] of Late Campanian -Maastrichtian age, with a thickness around 500 m [Bronnimann and Rigassi, 1963] . These sediments were deposited at an estimated water depth of between 600 and 2000 m [Takayama et al., 2000] . Finally, the calcareous, clastic layers of the Peñalver Formation [Bronnimann and Rigassi, 1963] unconformably overlie the older formations with a maximum thickness of 180 m [Takayama et al., 2000] . The Peñalver Formation correlates with the Cacarajícara Formation in the Sierra del Rosario unit [Pszczolkowski, 1986] , and therefore it is considered to correspond to the K/T boundary [Takayama et al., 2000; Tada et al., 2003] . The ophiolitic blocks and olistolites observed along the whole Cretaceous sequence consist mainly of serpentinized harzburgites together with scarce gabbros and diabases [Fonseca et al., 1984; Cobiella-Reguera, 2005] , and serpentinite matrix mélanges bearing highpressure blocks [Kerr et al., 1999; García-Casco et al., 2006] . In the text we will use the terms ophiolites and ophiolitic complex to refer to these materials as has been traditionally done in the Cuban literature, although we are aware of the limitations of the use of this term.
[12] The Paleocene Madruga Group [Lewis, 1932] unconformably overlies all of the older formations ( Figure 2 ). This pelagic detrital formation with common volcanic and carbonatic clasts is finer grained than its equivalent in the Sierra del Rosario unit, the Manacas Formation, and much less developed, although their compositions are very similar. The thickness of this formation varies between 200 and 300 m [Furrazola-Bermúdez et al., 1985] . Above the Madruga Formation, the Thanetian-Ypresian Capdevila Formation [Palmer, 1934] is the most extensive Paleogene Formation in the Bahía Honda unit. It is a well bedded sequence of sandstone, claystone and marly sandstone with minor intercalations of conglomerate containing intraformational clasts, and has a maximum thickness of 600 m [García Delgado et al., 2005] . Lithologies derived from the Sierra del Rosario unit have also been recorded in some conglomeratic beds [Pszczolkowski and de Albear, 1982] . The Capdevila Formation grades transitionally into the Universidad Group [Bermúdez, 1937] , a thin (<50 m [García Delgado et al., 2005] ) chalky unit of Lutetian age [Furrazola-Bermúdez et al., 1985; García Delgado et al., 2005] . Unconformably on top of the Universidad Group, the Jabaco Formation [Bermúdez, 1937] and the Guanajay Formation [Truitt, 1956b] complete the Paleogene sequence of the Bahía Honda unit (Figure 2 ). The Jabaco Formation is a 35-m-thick sequence of marly limestone with rare interbedded conglomerate [Furrazola-Bermúdez et al., 1985] of Priabonian-Chattian(?) age [Cutress, 1980; Torres Silva et al., 2001] and the Guanajay Formation is mainly formed by marl, limestone and polymictic conglomerates of Chattian age [Furrazola-Bermúdez et al., 1985; García Delgado et al., 2005] with a maximum thickness of 400 m [Furrazola- Bermúdez et al., 1985] . The Neogene is only exposed along a thin fringe parallel to the shoreline, and lays unconformably above all previous Bahía Honda stratigraphic units.
[13] The northern boundary of the Soroa transect is located offshore, including what is interpreted to be a flexural basin [Moretti et al., 2003 ]. This area is well imaged by commercial reflection seismic data, although very little is known about the lithostratigraphic sequence. The lithology and ages along this region are extrapolated from ODP boreholes 535 and 540 [Buffler et al., 1984] ( Figure 1a ) and the commercial borehole Yamagua-1, and completed by seaward directed onshore boreholes. However, the available sections miss the Late CretaceousÀPaleocene sequence, which implies a lack of constraint of this part of the sequence. Three main members have been differentiated according to their depositional setting. The lower member ( Figure 2 ) was deposited from Jurassic to Mid Cretaceous times at the shelf-basin transition of the margin of the North American plate [Moretti et al., 2003] . According to these authors, the sequence is formed by synrift clastics at the bottom, overlain by Upper Jurassic to Cenomanian carbonate facies. The minimum thickness calculated for the lower member is of 3 km. It is bound at the top by the so-called Mid Cretaceous unconformity [Moretti et al., 2003] . The Mid Cretaceous unfoncormity is a regional feature resulting from current intensification and sediment starvation, which started after Late Cenomanian and continued at least up to the Maastrichtian [Moretti et al., 2003] . Above this unconformity, the intermediate member extends from late Maastrichtian to early Eocene, and is mainly syntectonic as suggested by the interpretation of the available seismic data (see below). The lithology of this part of the sequence is unknown. Finally, the upper part of the section, middle Eocene to Recent, is expected to be a monotonous sequence of well-bedded chalks deposited without any major interruption.
Structure Along the Soroa Cross Section
[14] The Soroa cross section is located approximately 60 km west of La Habana (Figures 1c and 3) . The 1:100,000 geological map published by the Instituto Geológico y Paleontológico de Cuba [García Delgado et al., 2005] combined with our own field data is the main data set used for the onshore part of the section. Reflection seismic data acquired in 1988 have been used to interpret the structure of the Los Palacios Basin, and the boreholes Candelaria 1 [Sánchez-Arango et al., 1985; Fernández-Rodríguez et al., 1988] , Soroa 1 [Gravell and Palmer, 1942; Castro Castiñeira et al., 2003; Flores Nieves et al., 2003] and Pinar 2 [Sánchez- Arango et al., 1985; Blanco Bustamante et al., 2003 ] have been projected onto the section and used to constrain the deep structure. The offshore part of the cross section is based on the interpretation of a reflection seismic profile provided by RepsolYPF. The section is perpendicular to the mean structural trend, and its location has been chosen to take maximum advantage of the available data set (seismic profiles, boreholes and outcrops). The description of the cross section will be split into two parts (on land and offshore), which will be described from south to north.
Soroa Cross Section on Land
[15] The Los Palacios Basin is an elongate basin formed between two major transtensional faults. The geometry of the basin infill is well constrained by the available boreholes Figure 3 ). The migrated seismic profile has been depth converted and the ages are constrained by the borehole Candelaria 1, indicated in the section. The features observed in this seismic profile are consistent along several profiles east and west of the Soroa transect. and seismic lines, while its basement (pre-Late Cretaceous) is poorly imaged by the available data. A conspicuous feature of the basin, well imaged by the lower reflections along the seismic profile (Figure 4) , is the division into two dip domains, defining an asymmetric-like syncline (Figures 3 and 4) . The southern domain, south of km 4, is formed by a 4-km-thick sequence of subhorizontal, mainly subparallel reflections, with local low-angle unconformities (Figure 4) . The shallowest unconformity can be traced at a depth of 1.5 km, between kilometers 4.5 and 6.5, were some reflections converge southward below a subhorizontal, strong reflection (A in Figure 4) . From 2.5 km to 3 km depth, between kilometers 4.5 and 6, some south-dipping reflections are truncated at the top by a shallower dipping reflection (B in Figure 4 ). This truncating reflection is interpreted to correspond to the base of the Miocene on the basis of the Candelaria 1 borehole. From 4.5 km to 5.5 km depth, between kilometers 5 and 8, a set of reflections with frequent internal truncations and steeper attitude appears (C in Figure 4 ). The top of these reflections can be traced to the Candelaria 1 borehole, where it is dated as the top of the Paleocene. Below 6.5 km depth, less continuous reflections are interpreted to be Upper Cretaceous strata. North of kilometer 5, the Los Palacios Basin is characterized by a set of north-converging, fanned, continuous reflections, which are subhorizontal at the surface but get steeper with increasing depth. From kilometers 0 to approximately 3, at a depth between 3.5 and 4.5 km, a continuous reflection dipping 20°toward the south can be traced (D in Figure 4 ). This reflection was intersected by the Candelaria 1 borehole, where it was identified as the top of the Cretaceous. South of the borehole, the Tertiary infill of the Los Palacios Basin onlaps on top of this surface between kilometers 1 and 3. Below the top of the Cretaceous the reflections are less continuous, but mostly parallel. The fanning displayed by the sedimentary infill of the Los Palacios Basin can also be observed at the surface, where the different formations pinch out northward. As a conse- (Figures 3 and 1c) . The El Pinar Fault has been interpreted in the cross section as a south-dipping fault (approximately 50°), which branches into two at approximately 1.5 km of depth (Figure 3 ). Wherever the fault surface has been observed, two different stages are evidenced by two sets of slickenlines and striae. The oldest kinematic indicators are close to horizontal, recording strike-slip motion along the fault. Postdating this stage, steep SE-plunging slickensides record the second deformation stage, which consisted mainly of a dip-slip reactivation of the El Pinar Fault. The described geometry of the basin infill, with the deeper part away from the El Pinar Fault and southward diverging reflections, does not fit with that expected for a basin associated with a simple normal fault. This may be due to the strike-slip component of the normal fault or to the effect of the buried Palacios Fault. However, evidence against and for each of these alternatives have not been found.
[16] The Sierra del Rosario tectonic unit is characterized by a wide antiform cored by Mesozoic and Paleocene rocks. This antiform is defined by a gently south-dipping southern limb and a moderately north-dipping northern limb, which becomes steeper northward and may eventually appear overturned at its northern boundary ( Figure 5 ). This antiform is formed by several thrust sheets containing only the Mesozoic cover and the Paleocene Manacas Formation (Figure 5 ), displaying slightly different stratigraphic successions with frequent angular unconformities. The map trace and the strike of major structures are close to ENE-WSW in the northern limb, where the thrust sheets can be followed more than 15 km along strike with a thickness below 1.5 km (Figure 1c) . The structural grain is not clearly perceived at the core of the antiform owing to the combination of shallow dips and a rugged terrain. A complex pattern of tectonic windows allows outcrops of the Manacas Formation, which is overthrusted by Upper JurassicÀLower Cretaceous limestone of the Artemisa and Polier Formations, to be seen ( Figure 5 ). However, the synrift shales and sandstones of the San Cayetano Formation have only been observed in one thrust sheet of the Soroa cross section with a thickness close to 20 m. The stratigraphic succession involved in the thrust sheets of the Sierra del Rosario tectonic unit together with their surficial attitude at the northern limb of the antiform suggest a thin skinned tectonic style for the Sierra del Rosario unit. In addition, most of the kinematic indicators measured along this domain show a mean NNW direction of tectonic displacement (Figure 6 ), although occasionally they may show an opposite displacement direction. The above characteristics, together with the north dipping attitude of most thrust sheets already recorded by several authors [Hatten, 1957; Pszczolkowski, 1994b; Gordon et al., 1997] , allows us to define the whole Sierra del Rosario unit as an antiformal stack, where reverse kinematic indicators are interpreted as a result of the flexural slip related to the growth of the structure.
[17] The outcrops of the Bahía Honda tectonic unit along the transect are very scarce and usually strongly weathered. Nevertheless, wherever we obtained dip measurements they are all consistent with an E-W structural trend, in agreement with the topographic grain. The internal geometry of the Bahía Honda unit was studied along the Mariel transect, located approximately 25 km east of the Soroa cross section (Figures 1c and 7) , where the exposures are better. This section is constrained by field data, together with 5 commercial boreholes (Figure 7 ) and several reflection seismic profiles. The cross section intersects the Los Palacios Basin and the Bahía Honda unit at surface, and the formations of the Sierra del Rosario antiformal stack have only been observed in borehole data. The Bahía Honda unit is a 3-km-thick tectonic unit characterized by an intense deformation affecting its internal sequence. The bottom of the thrust sheet is defined by interbedded volcanic rocks, serpentinites and volcanoclastic sediments of the Encrucijada and Orozco Formations, overlain by the Upper Cretaceous turbidites of the Via Blanca Formation with frequent ophiolitic olistolites. This Cretaceous succession appears to be strongly affected by thrusting and folding, in contrast with the overlying K/T boundary breccias and younger sediments, which are only gently folded and thrusted (Figure 7 ). This suggests that the Paleogene sediments postdate most of the internal deformation of the Bahía Honda thrust sheet. Furthermore, we interpret the basal thrust to be unconformably overlain by Eocene sediments at the closure of the Sierra del Rosario antiformal stack (Figures 1c and 7) , which indicates that the thrust became inactive before their deposition. Nevertheless, the deformation affecting the Paleogene is more intense southward, where the Bahía Honda unit is thinner. We interpret this as a consequence of the proximity to the culmination of the Sierra del Rosario antiformal stack, whose growth may be responsible for the tightening of previous compressive structures.
[18] The Sierra del Rosario formations have only been observed in the footwall of the Bahía Honda thrust sheet in the surface, and there is no record of interlayered Sierra del Rosario and Bahía Honda domains in the available borehole data. This is also the situation in the Sierra del Rosario domain, where none of the Cretaceous volcanoclastic formations of the Bahía Honda unit have been observed. Finally, the basal thrust of the Bahía Honda unit mostly overlies the Manacas Formation, both in outcrops and boreholes. Taking into account the above features, we interpret the Bahía Honda unit along the Soroa cross section to be an allochthonous unit formed by a set of SSE-dipping imbricate thrust sheets, which rests on top of the Paleocene olistostrome. The southern boundary of this unit is defined by a north directed and north dipping thrust. Its northern boundary is located offshore, beneath a thin Tertiary cover, where the basal thrust is interpreted to be shallowly dipping south. The whole thrust sheet defines thus an asymmetric synform, with a steep southern limb and a shallow south dipping northern limb, overprinted by minor, gentle folds (Figure 3) . The rock assemblage of the Bahía Honda unit, characteristic of a forearc region, together with its internal deformation lead us to interpret this unit as the accreted, frontal part of the forearc.
Soroa Cross Section Offshore
[19] The structure offshore is described along the seismic profile CU133 (Figure 8 ), although the interpretation introduced below also benefits from a system of parallel seismic profiles and a recent 3D survey acquired by RepsolYPF. As introduced in section 2.2, the age attribution is based on ODPs 535 and 540 and the commercial borehole Yamagua-1. Three domains are clearly identifiable in the reflection seismic profile (Figure 8a ). At the northern boundary of the profile, between CDPs 0 and 2000 and below 4 s, a system of parallel reflections can be traced along the whole domain, which is interpreted to be the Mesozoic FloridaBahamas margin [e.g., Moretti et al., 2003] (Figure 8a ). The sequence of the Florida margin starts with a relatively transparent zone where weak reflections can be identified, which in spite of their scarce lateral continuity, have an evident plane-parallel attitude (A in Figure 8) . A set of bright reflections at the top of this sequence is interpreted to be the top of the Kimmeridgian. Above it, a group of continuous, parallel reflections that dip slightly southward can be traced from CDPs 0 to 2000, only interrupted between CDPs 750 and 1000 by two conjugate normal faults with very small offset (B in Figure 8 ). The JurassicCretaceous transition should be found within this interval. South of CDP 2500, a sector poorly imaged by the data can be recognized. This sector is roofed by a north-dipping reflection that almost reaches the seabed at the southern boundary of the seismic profile (Figure 8a ). We interpret this area to correspond to the frontal part of the Cuban fold and thrust belt. At the base of this sector, at approximately 6 s TWT, a set of reflections can be followed southward from CDP 2500 to CDP 3500 (B in Figure 8a ), until they curve upward as a result of a pull-up effect. According to their reflection character (weak at the base and bright at the top), we correlate these reflections with the shallower Pre-Kimmeridgian sequence of the Florida margin. From CDP 2250 to approximately CDP 3000, between 5 and 6 s TWT, a set of weak, parallel reflections can be traced parallel to the basal section (B in Figure 8a ). This semitransparent section thins abruptly at CDP $2250, where a vertical offset between the Pre-Kimmeridgian sequences can be observed (note top of sections A and C in Figure 8a ). We interpret this geometry as indicating a Late Jurassic -Early Cretaceous normal fault and the section D to be the infill of its hanging wall. South of CDP 3000, only scattered south-dipping reflections are imaged along seismic line CU133 (E in Figure 8a ). However, these south-dipping reflections are common throughout the fold belt and can be observed along different seismic lines. Where the resolution is better, they can be recognized to define a system of imbricated thrust sheets duplicating the North American margin, in accordance with the model proposed by Moretti et al. [2003] . If recognizable, these thrust sheets have an approximate thickness between 2.5 and 3 km, and the internal reflections may image either monotonous southdipping panels or antiformal domains. Therefore, reflections Figure 1c ).
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[20] Above the Cretaceous Florida margin and the Cuban fold and thrust belt, a zone of coherent, continuous reflections can be traced along the whole seismic profile (Figure 8a ). These reflections are considered to image the sedimentary infill of the Cenozoic foreland basin. Between CDPs 0 and 2000, the reflections at the bottom of the basin are onlapping onto the Florida margin along a regional unconformity. The deepest reflections in this domain appear truncated at CDP $3000, while shallower reflections are onlapping southward onto the northern flank of the fold and thrust belt. Between CDPs $2250 and $2500, the lower two seconds of the Cenozoic horizons can be traced, depicting an antiform which is interpreted to correspond to the deformation front. The northern limb of this anticline is characterized by the upsection decrease of the dip of the reflections, which we interpret as imaging the growth strata associated with this structure (F in Figure 8a) . South of the deformation front, from CDP $2750 to CDP $3250 two smaller antiforms can also be traced, deforming the basal section of the Cenozoic basin infill (Figure 8a) . A feature often observed in the available data set is the occurrence of levels formed by bright, irregular, internally chaotic reflections above the front of the Cuban thrust belt (G in Figure 8a ). These levels can be seen directly upon the thrust system, at the base of the basin or interlayered at any depth of the Cenozoic succession. We interpret them to correspond to olistostromic sediments, in the basis of their seismic character and published borehole and seismic data [Domínguez Gómez et al., 2005] . Finally, north of CDP 2250 the reflections within the Cenozoic basin are mainly subhorizontal, or even shallowly dipping north in the lower part. [21] Figure 8b shows the depth cross section resulting from the interpretation of the reflection seismic profile. The depth conversion has been done using three homogeneous velocity intervals: water (1500 m/s), Cenozoic basin (2200 m/s) and pre-Paleocene sequence (4500 m/s). The Mesozoic sequence is deformed by several Cretaceous normal faults which account for the steps displayed by the layers attributed to the Jurassic. To the south, the fold and thrust belt is interpreted to be constituted at least by three imbricated thrust sheets of approximately 2.7 km of thickness. However, the internal succession of the southernmost thrust sheet is not evident in the seismic profile, and therefore only the bedding is indicated, without any age attribution. The internal structure of the frontal thrust sheet is nicely imaged in the seismic profile. This thrust sheet is interpreted to be detached along the Kimmeridgian layers, as suggested by the seismic data, and to incorporate the whole Mesozoic sequence and the lowermost layers of the Cenozoic sequence. The forelimb of the ramp anticline of this thrust sheet corresponds to the deformation front. The growth sediments in front of it indicate that this was a long-lived structure, which could be active at least up to late Eocene times. However, the main growth stage corresponds to the lowermost part of the sequence, which from borehole data is known to be pre-middle Eocene. The composition of the lower section of the frontal thrust sheets is unknown, and the seismic facies cannot be correlated with any of the Cenozoic basin formations (Figure 8a ). We propose that this section corresponds to the southern continuation of the Cretaceous Florida margin, and that the difference in thickness is generated by Late JurassicÀEarly Cretaceous normal faults. The interpretation proposed for the second thrust sheet to the south reproduces the thickness of the frontal one, but with the frontal ramp anticline eroded away during Paleocene -early Eocene times (Figure 8b ) The lower Eocene sediments unconformably laying on top of this unit postdate the activity of this unit. Finally, the smaller antiforms described between CDPs 2750 and 3250 are located above two main inflexions of the prism envelope and do not seem to have any continuation underneath this surface. Therefore, these structures have been interpreted to be caused by a passive roof backthrust, detached along the fold belt envelope. Growth sediments along these anticlines indicate that the back thrust was initially coeval with the growth of the frontal structure and subsequently related with a late reactivation of the second thrust sheet.
Balanced and Restored Cross Sections
[22] The combination of the onshore and offshore cross sections presented above leave a large area with no data below the Sierra del Rosario and Bahía Honda regions, and south of the offshore imbricate thrust system. To address this problem, balanced cross-section techniques have been used to construct a best fit balanced cross section (Figure 9 ). The main assumptions in the section are (1) a thin-skinned deformation style only involving cover rocks, based on the geometry of the Sierra del Rosario thrust sheets, and the well imaged frontal unit offshore, (2) the Mesozoic cover is detached close to the top of the Kimmeridgian as indicated by the outcrops in westernmost locations and suggested by seismic data, and (3) The Paleocene Manacas formation represents an effective detachment level, enhancing structural decoupling between the deformed North American margin and the overlying Bahía Honda thrust sheet. This is based on the kilometric continuity at surface of the basal thrust of the Bahía Honda thrust sheet and the available borehole data. We also favor the solutions that imply the minimum amount of shortening.
[23] The balanced cross section was constructed by extending the distal platform located at the front of the Cuban fold and thrust belt using constant thickness to minimize the amount of shortening. The length of this distal platform is constrained by the number of thrust sheets needed to infill the area between the proposed base of the Bahía Honda thrust and the inferred regional detachment at the lower part of the folded and thrusted sedimentary cover. This basal detachment has been interpreted to be subhorizontal (again to minimize shortening) and the resulting thrust system is a duplex composed of six thrust sheets. The roof thrust does not cut through the Bahía Honda unit. The frontal part of the imbricated thrust system defines the frontal paleoslope of the Cuban accretionary prism, while we interpret the trailing half to be partly responsible for the uplift of the Bahía Honda unit. However, the proposed thrust stacking does not account for the current uplift and overturning observed along the Sierra del Rosario antiformal stack. We therefore involve upper crustal crystalline basement to generate a deep antiform that deforms the already emplaced Bahía Honda and Sierra del Rosario thrust systems.
[24] Using the large-scale crosscutting relationships we interpret that the Bahía Honda unit was emplaced first on top of gently deformed or undeformed platform sediments, which were subsequently involved in the deformation to form the main tectonic edifice of western Cuba. Finally, the basement was involved creating a large antiform at the back of the thrust system. The growth of the antiform generated uplift and concomitant erosion, allowing the current outcrop of the Sierra del Rosario unit and the isolation of the Bahía Honda thrust sheet. The Los Palacios Basin formed slightly later than the basement antiformal stack. In our interpretation, the El Pinar Fault may invert one of the older thrust planes. The deep structure of Los Palacios Basin, below the Late Cretaceous rocks has not been addressed since the available data do not constrain the structure of this region, and the out-of-the-plane offset of the El Pinar Fault prevents 2D balancing this part of the section. However, the outcrops of Paleocene and Upper Cretaceous sediments with a clear Bahía Honda unit affinity along the southern limb of the El Pinar Fault is an argument for this unit to be rooted south of the Sierra del Rosario antiformal stack, in the basement of the Los Palacios Basin.
[25] The Soroa cross section has been restored to the K/T boundary ( Figure 9 ). The restored cross section shows the buried cover thrust sheets in lateral continuity between the Florida platform in the north and the Sierra del Rosario in the south. The proposed geometry also requires the Bahía TC4002 SAURA ET AL.: TECTONIC EVOLUTION OF WESTERN CUBA Honda thrust sheet to be restored to a southernmost position than the restored Sierra del Rosario thrust sheets. The balanced and restored cross sections imply a minimum displacement of 85 km to the NNW of the trailing pin line of the North American margin (B in Figure 9 ), and a minimum of 130 km for the southernmost part of the Bahía Honda thrust sheet (C in Figure 9 ). These values are strongly dependent on the geometry of the buried cover thrust sheets, which have been interpreted to have a constant thickness, extrapolated from the frontal thrust sheet. This configuration requires thick syntectonic deposition to balance the difference in thickness between the Mesozoic margin offshore and in the Sierra del Rosario thrust sheets. Finally, we do not dismiss the possibility that the deep basement thrust sheets could correspond to inverted Late Jurassic rift basins, as the large outcrops of the San Cayetano Formation to the west of the Soroa cross section could indicate.
Discussion

Kinematic Evolution of the Western Cuba Fold and Thrust Belt
[26] To validate the balanced and restored cross sections a forward kinematic model has been carried out, to compare the geological and modeled sections (Figure 10 ). Since we interpret most of the strike-slip deformation in the studied area to be recorded by the El Pinar fault and the effects of this latter stage on the Sierra del Rosario thrust system to be of minor importance, 2D modeling is an acceptable approach and the quantitative results presented below need to be considered with the same restrictions as in purely compressive fold and thrust belts.
[27] The kinematic model was performed using the Fault Parallel Flow algorithm from MVE's software 2DMove 1 , since we believe it is the best approach to model the emplacement of a thrust pile. This algorithm may generate significant internal shear of the thrust sheets when the number of thrust sheets is large, although the obtained intermediate and final geometries are consistent with the observed in thrust systems elsewhere [e.g., Suppe, 1983; Banks and Warburton, 1986; Teixell, 1996] . The kinematic model is presented in 6 different steps, in which the initial one corresponds to the restored cross section at the K/T boundary around 65.5 Ma. The subsequent stages of the model have been constrained by crosscutting relationships between thrusts and well dated syntectonic deposits [e.g., Jordan et al., 1988; DeCelles et al., 1991; Vergés et al., 2002] . A synthetic regional section has been constructed just before the K/T boundary to reproduce the most likely configuration of the region with the Bahía Honda unit internally deformed by imbricate thrusting in front of the Great Caribbean arc (Figure 11 ). High-pressure metamorphic ophiolitic bodies within the fore-arc sediments [Somin and Millan, 1981; Cobiella-Reguera, 2005; García-Casco et al., 2006] , have been interpreted as being carried down by subduction and subsequently exhumed along a subduction channel in front of the Caribbean arc, as has been described in similar contexts [Hynes et al., 1996; Chemenda et al., 2001; Boutelier et al., 2004; Brown et al., 2006; Federico et al., 2007] .
[28] In the initial configuration of the forward model at the K/T boundary, the isochronous Cacarajícara and Peñalver formations were unconformably deposited on top of the nondeformed Sierra del Rosario and the already deformed Bahía Honda units, respectively (Figure 10a) .
[29] In the first model step (Figure 10b) , from lower to middle Paleocene (Danian-Selandian from 65.5 to 60 Ma), the Bahía Honda unit is thrusted on top of the nondeformed Sierra del Rosario unit, which constituted the foredeep of the system, in which the olistosromic Manacas Formation was deposited. Coevally, the lower Madruga Formation was deposited in piggyback basins on top of the imbricated Bahía Honda unit. The Bahía Honda unit was displaced to the NW above the relatively thin syntectonic Cacarajícara Formation that constitutes the main detachment between this unit and the underlying Sierra del Rosario unit.
[30] In the following two model steps (Figures 10c  and 10d) , during middle and late Paleocene (SelandianThanetian, from 60 to 56 Ma), the Sierra del Rosario was deformed by thrusting resulting in a duplex structure below the Bahía Honda unit. The thrusting of the thinnest Sierra del Rosario units resulted in the formation of the Sierra del Rosario antiformal stack. The thrusting of the thicker North American margin deposits resulted in the stacking of units below the Bahía Honda thrust sheet and thus increasing the thickness of the advancing tectonic prism. The olistostromic Manacas Formation continued to infill the front of the advancing accretionary prism whereas the Capdevila Formation filled up the piggyback basins on top of the Bahía Honda thrust sheets. At the end of this period, the entire prism was almost constructed and thus showing a significant paleotopography in its front with more than 4 km between the highest areas and the adjacent frontal offshore basin seabottom (Figure 10d ). At the end of this stage and before the infill of the foreland basin offshore there was probably submarine landsliding covering the frontal slope of the accretionary prism (olistostromic deposition observed in seismic lines and oil wells).
[31] The fourth step (Figure 10e) , from Thanetian to Lutetian times (56 -45 Ma), corresponds to the final thrusting episodes in the NW Cuban fold and thrust belt due to the collision of the arc system with the relatively thick North American continental crust. Two slices of the basement rocks emplaced beneath the present Sierra del Rosario producing the overturning to the NW of the imbricated Sierra del Rosario thrust sheets. These basement imbricates are not observed at surface and possibly form a tectonic pile using the Kimmeridgian shales as the upper detachment level. The emplacement of these deeper units produced a significant uplift and tilting and probably concomitant erosion along the present Sierra del Rosario region. During the same period, there was a relatively thick lower Eocene deposition that filled up the foredeep basin in the front of the Cuban accretionary prism that was also recorded in the distal parts of the foredeep, as imaged by the borehole Yamagua-1. These deposits largely concealed the accretionary prism structures but show growth strata geometries related to the final tectonic activity of its frontal-most folds and thrusts (see profile CU133 in Figure 8 ). The infill of the Los Palacios basin also started during this period of time recorded by the upper part of the Capdevila Formation and the Universidad Group. The timing of the shift from thinskinned to thick-skinned tectonics is an outcome of the kinematic model. Using the displacements and timing measured for the frontal thrust sheets, which we consider to be the frontal expression of the buried thrust sheets, we tried different moments for their emplacement. The option that resulted in the closest structural relief to the one represented in the Soroa cross section suggested that these thrust sheets should be emplaced during Late ThanetianLutetian times. An earlier emplacement resulted in excessive structural relief, while a later emplacement did not generate enough uplift. Furthermore, the Paleocene-Eocene transition also corresponds to a shift in the sedimentary geometries that may also indicate a major change in the thrust system.
[32] About middle Eocene there was a major change in the deformation style of the W Cuba fold region as a response to the major change along the entire northern Caribbean region. This change is represented in the fifth step (Figure 10f) , starting in the middle Eocene times at around 45 Ma. During this period, the combination of the [2005] . The position of the deformation front at K/T boundary is based on the reconstructions proposed by the same authors at 72 Ma and 56 Ma and assuming a constant displacement rate. Points 1, 2, and 3 correspond to the position of the trailing edge of the restored Soroa cross section, in the three discussed alternatives (see text).
[33] The final geometry of the presented evolutionary model fits reasonably well with the balanced geological section (Figure 10f ). In addition to the tectonic evolution, the model also presents significant conclusions on both the rates of shortening as well as the paleotopography of the island through time. Shortening rates calculated from the balanced and restored cross sections and the kinematic model are around 10 mm/year from the K/T boundary to the middle Eocene times (65.5-45 Ma). These rates strongly decrease at middle Eocene times when arc-continent collision initiated with the involvement of basement thrust sheets in thrusting. The shortening rate during this final stage of shortening was less than 3 mm/year (few million years around 45 Ma). This abrupt decrease in shortening rates and corresponding thrust front advance is clearly reflected in the depositional arrangement of the syntectonic sediments ahead of the accretionary prism at the current offshore of western Cuba. The relatively thin and rapidly prograding syntectonic sediments of the Manacas Formation opposed to the thick middle Eocene growth strata that concealed the almost final geometry of the front of the accretionary prism. The calculated shortening rates for the period of fast front advancement from 65.5 to 45 Ma, before the arc-continent collision along the North American margin are about half of present-day GPS calculated rates of the Caribbean Plate relative to North America [Mann et al., 2002] and to South America [Pérez et al., 2001] .
[34] Although it is not the aim of this study the kinematic model also shows the likely evolution of the paleotopography of the region. The continuous accretion of new tectonic slices in the thrust system propitiated the continuous growth of the topography of the prism that was more manifest during the arc-continent collision during middle Eocene times. In the kinematic model, however, only the structural relief between the foredeep seabottom and the hinterland of the prism is measurable because the potential topography above sea level strongly depends on the flexure of the North American Plate below the advancing accretionary prism. This flexure has not been included in the model because the lack of accurate paleobathymetries to constrain it. The structural relief of the paleoisland of Cuba was significant since the Mid Paleocene and reached its maximum at Mid Eocene times with more than 4 km. Since this period, the emergence of the island above sea level was sporadic and restricted to narrow islands, especially well-recorded during the Neogene [Iturralde-Vinent and MacPhee, 1999] . Pleistocene time is the period at which most of the authors indicate the final emergence of Cuba [Iturralde-Vinent and MacPhee, 1999; Pindell et al., 2005] .
Plate Tectonics Implications
[35] Our tectonic model is fully consistent with the evolution of an accretionary prism developed in front of an advancing arc (the Great Caribbean arc) above a NE retreating Middle JurassicÀEarly Cretaceous oceanic slab that was totally consumed at Mid Eocene times during the arc-continent collision along the North American margin, involving the eastern edge of the Yucatan platform as well as the Florida-Bahamas platform (Figure 12a) .
[36] The direction used to construct our balanced cross section has been determined by kinematic indicators measured in fault planes and the present-day structural grain of main structures both onshore and offshore of western Cuba. However, in order to locate the restoration of the geological cross section in a geographic reconstruction, we used a combination of field observation along thrust planes, indicating a NNW transport direction, with the large-scale directions of advance of the Great Caribbean arc, which was mostly NNE. Accordingly, the reconstructed position of the trailing pin line of our cross section is located 130 km to the south of its current position, as imaged in Figure 12 . The proposed restoration implies a progressive rotation, which would be the origin of the obliquity between the North American margin and the Caribbean Arc front, and would help explaining the lenticular, eastward-thinning geometry of some of the thrust units along western Cuba (Figure 1 ). Another implication of the balanced and restored cross section is the continuity between the Cretaceous North American margin observed in seismic data offshore and the rift-related sediments of the same age in Sierra del Rosario (Figure 12a ), which would correspond to the distal facies of the margin. However, the restored Sierra del Rosario (Figures 12b and 12c ) would lie at approximately the same distance from the Florida-Bahamas and the Yucatan margins, suggesting that the distal facies cropping out in this area could be related to either or both domains. We therefore interpret the entire western Cuba thrust belt as deformed North American margin in the broad sense, involving the distal Florida-Bahamas margin and the eastern and northeastern part of the Yucatan margin. Within this framework, the western part of the Los Organos domain would have been mostly derived from the Yucatan margin, whereas the eastern units of the Sierra del Rosario unit would have been derived from the Florida-Bahamas margin. The location at the corner between both margins (Figure 12 ) could also account for a certain amount of lateral displacement as well as anticlockwise rotation of most of the thrust sheets during emplacement, either as a consequence of an oblique collision against an irregular margin or as an inherited structural pattern which enhanced oblique thrusting. Previously performed paleomagnetic studies [Bazhenov et al., 1996; Alva Valdivia et al., 2001 ] present divergent results, which do not allow to confirm or reject this hypotheses. Bazhenov et al. [1996] identify a significant counterclockwise rotation of the Bahía Honda unit (>77°), and a postemplacement remagnetization of the Sierra del Rosario rocks, which would not be in disagreement with the proposed model. Besides, Alva Valdivia et al. [2001] state that the magnetization of the Sierra del Rosario rocks is primary and that the area has not undergone significant rotations since Jurassic times. However, the dispersion of the in situ paleomagnetic data (a 95 = 41.9°) is compatible with the rotation entailed by the hypothesis that we discuss.
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[37] The balanced and restored sections constructed in this paper assume the minimum amount of shortening. This is mostly achieved by using a relatively thick North American margin cover system imbricated below NW Cuba as well as by involving two several-kilometers-thick basement units to produce the final antiformal stack beneath the present Sierra del Rosario. Our restored section, however, shows a restored position of the trailing edge of the accreted Bahía Honda forearc, which does not fit the most accepted plate tectonic reconstructions for the region [e.g., Pindell et al., 2005] . These restorations locate the front of the Great Caribbean arc at 56 Ma more than 80 km to the south of the trailing pin-line of our restoration, which corresponds to the K/T boundary, at 65.5 Ma (Figure 12a ). In the view of this mismatch, an alternative interpretation maximizing the shortening has also been taken into account. This possibility would imply the involvement of a much thinner cover sequence in the proposed imbricate system, alike the ones cropping out at Sierra del Rosario. This maximized restoration is computed by areally balancing the North American margin imbricates using thrust sheets with the similar thickness than the Sierra del Rosario ones. In this new scenario there are two possible options consisting on only replacing the proposed imbricate system or on replacing both the imbricate system as well the basement thrust sheets. The restored position of the trailing edge of the Bahía Honda tectonic unit would then be located between 155 and 220 km to the SW as indicated in the Figure 12a . The option that best matches the existing models is the last one, although there is still a significant mismatch (Figure 12) .
[38] The proposed reconstructions imply a more allochthonous provenance for the cover rocks involved in the imbricate system and Sierra del Rosario. If this interpretation is correct, the restored positions of these cover slices would correspond to areas located along the distal domains of the Yucatan margin. These domains would have had a subparallel trend to the direction of tectonic transport in the NE oblique termination of the Great Caribbean arc. During this tectonic transport, slices of the distal domain along the Yucatan margin would have been accreted to the front of the thrust system forming relatively small lenticular thrust sheets as observed in the geological maps of the Sierra del Rosario (Figure 1 ).
Conclusions
[39] The presented balanced and restored cross sections across the western Cuba fold and thrust belt illustrate with more precision the structure and tectonic evolution of both onshore and offshore tectonic units along the Soroa transect. The NNW -SSE trending cross section is based on field data and interpretation of multichannel seismic profiles offshore Cuba provided by RepsolYPF. The results of the cross section are further validated with a kinematic forward model constrained by syntectonic deposits from the K/T boundary to Eocene times.
[40] The balanced cross section crosses five principal tectonic domains from SSE to NNW: (1) the Los Palacios basin formed during the Tertiary, to the south of the El Pinar transtensional fault; (2) the Sierra del Rosario unit constituted by relatively thin North American margin thrusted cover rocks piled up forming an antiformal stack; (3) the Bahía Honda unit displaying a characteristic forearc succession, highly deformed and containing large blocks of serpentinitic melanges; (4) the frontal imbricate system offshore constituted by thicker tectonic slices of the North American margin, imbricated at the front of the Cuban fold and thrust belt; and (5) the 4-km-thick foredeep basin deposited during and after the end of the Cuba fold and thrust belt evolution.
[41] The comparison between the balanced and restored cross sections shows a minimum of 130 km of shortening. It also shows that the trailing edge of the North American margin cover successions at Sierra del Rosario must be restored back about 85 km. The trailing edge of the preserved Bahía Honda unit restores back to 130 km to the SSE of its present position. However, these two points must be restored in a roughly south direction to be in agreement with large-scale reconstructions.
[42] The kinematic forward model shows the evolution of the Cuba fold and thrust belt along the Soroa cross section from the K/T boundary to present. The age constraints supplied by syntectonic sediments indicate that the accreted Bahía Honda forearc, which was originally located south of the North American margin, was emplaced on top of it during Danian-Selandian times ($65.5 to 60 Ma), before the stacking of the latter during Selandian-Thanetian times ($60 to 56 Ma). The basement thrust sheets were emplaced during the early middle Eocene and, subsequently, the Los Palacios Basin formed since late Eocene ($56 to 45 Ma). This evolution is in agreement with previous models suggesting that the study area formed part of the NW edge of the Great Caribbean arc migrating to the NE above a retreating subducting oceanic slab.
[43] The current configuration of the western Cuba fold and thrust belt is due to protracted accretion of the North American margin in front of an advancing arc, followed by the final closure of the oceanic realm and collision of the arc with the continental North American margin. This collision took place at around middle Eocene times ($45 Ma). The rates of shortening for the first period are around 10 mm/a, whereas they drastically decrease during collision to about 3 mm/a.
[44] A more allochthonous interpretation consists of replacing the intermediate relatively thick North American imbricate system, beneath the Bahía Honda unit, with thinner successions (alike the Sierra del Rosario ones). This interpretation increases the amount of shortening and moves the restored position of the trailing edge of the preserved Bahía Honda unit to the south. This point would be located between 155 km and 220 km depending on the interpretation.
[45] In this allochthonous interpretation, the Sierra del Rosario intermediate imbricate succession must be restored along the distal parts of the eastern Yucatan margin from where they were accreted to the NW edge of the Great Caribbean arc before middle Eocene.
[46] At middle Eocene times, most of the present structural relief of the island was already formed. Before the final infill of the foredeep, from middle Eocene to present, the tectonic relief between the paleoisland of Cuba and the synorogenic seafloor was greater than 4 km.
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